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WYX[Z]\_^_`acbdIef^Igihkj2^lmefnkeolpZ]\_^Ie
qTrfsito^l7bskukd]s
bmgwvvOsirfl7uk^xrf^zy{X^]r{y{X^}|O~ JwGxady{^]\rp^`ziJ$aivgwi^ze
2 I])ii  |[u  |4gw|gwv[vrfsJvr  gwlf^#^]|ulfs^I|[uy]si|J^Iel  si|ysJ|GlfrpsiTepy{X^]\_^#sJr^zgiy{Xlonv^
si¡ s)¢$£ efh[y{X¤gie$rp^Igi¦¥El  \_^#sir\h§l  y]giel [s)¢7eI£\#g=n.^2u ¦¨ yh[¦lz©6ª«hkl  lO^Iy]si\_^Ie^]¬J^]|\_sirp^
y]si\_v­^jDlfsXg=¬i^lpX^Ief^mepy{X^]\_^IeT^mr  ^]|uk§n#gi\DsJ|xlfX[^]\#e^I§¬J^Ie¡gw|[u#¢  lfXWm®¡q ©WYX^mgJefe  eol{gw|[y]^
si[rpsihklp^]r{e¢  lfX  |lfX^«|^lo¢«sirp¯sir °g  r%[gw|uk¢  uklfX_eX[gir  |mgi\_si|lfX^¡ [s)¢7e  elpX^]rp^sJrf^¡X^]­vkhE©
±ms)¢¡^I¬i^IrI£¡\DsGeolsixlfX^²^]j  el  |¤\_^Iy{X[gi|  ef\#e_lfXg)l2vrps)¬  u^lpX  e#°g  r2efX[gwr  |  \_v­n³y]si\_v­^j
[hk´O^Ir7\#gw|[gii^I\D^I|Glgi|[u	\#g  |Jl{g  |  |D [s)¢µelpgwlf^  |lpX^rpsihklp^]r{e]©·¶¸|	lpX  e7v[gwvO^]rz£¢«^v[rfsJvsGe^lfs
rp^Igi ­¹ ^mlfX  e«°g  r[gi|[uk¢  ulfX6eXgwr  |º·»½¼½¾[¿)Àk¼3ÁÂ]ÃÄÆÅ¿)ºÈÇ¼ÊÉw¼ÊÂ  |2lpX^xrfsJhklf^IrpeI£h[e  |Dsi|[§nglfr  ¬  gw
Ë h^Ih^  |4u  epy  v  |[^i©4q%gJy{¯i^]lpegirf^2lpgiii^zu|^IgirlpX^6esJhrpy]^i£·uk^Iv^I|[u  |ÌsJ|lfX[^2|[gwlfhrp^2si7lfX^
 s)¢$©¶¸|ÍlpX^²ysJrf^	sw7lpX^6|^lo¢«sirp¯?£Îrpsihklp^]r{eh[ef^  ¶  Ï Ë h^Ih^IeI£¡gi|[uÍe  \_v­nÍukrpsivÍlfX^6v[gJy{¯i^]l
¢  lfX	lpX^$X  iX^zeolYlpgi_¬=gi§h[^  |²y]gJe^sw·ysJ|i^zeol  sJ|3©Ð4^y]gi§;sJhr7epy{X^]\_^$ÑÒ  £[W gww¥Ê[gJe^zu  g  r
Ó h[^]h^  |sirxb^IefvsJ|[e  ¬J^gw|[uÌÒ7|rp^IefvsJ|[e  ¬J^  §s)¢7eI£Ogi|[uy]si\_v[gwrp^  l¢  lfXÌlfX^#®¡sirp^ÔGlpgwlf^I§^zefe
 g  r Ó h^Ih^  |ÍÕÊ®YÔ  ÓxÖ v[rfsJvsGe^zu.rp^Iy]^]|Glf­nÌn¤ÔGlfs  yIg²^lDgwm× =ØÊ©²Ð.^^I  ^]¬J^sih[rgwvv[rfsGgiy{X  e
e  \Dv[§^IrI£g=¬is  ue  |v[gwrfl  yh[­girTv[girpgi\D^]lf^IrÎlfh[|  |[Dgi|[u#ÙgwO^]?rf^I¢r  l  |  |lpX^xysirp^7rpsihklp^]r{e]£G¢X  §^
v[rfs)¬  u  |[De  \  ­girv^IrsJrf\#gi|[y^ze]©·Ú²sJrf^Is)¬i^]rz£JlpgwJ  |D [s)¢7euk^Iv^I|[u  |#si|lfX^  rmrf^zevOsi|[e  ¬i^]|[^Iepe
lps.­sJepef^IeI£ÎgieDvrpsivOsJef^Iu  |ÈÑÒ  £Îg=¬Js  uevOssirDv^IrsJrf\#gi|[y^ze  |³[hrpelon¤^]|¬  rfsJ|\_^]|GlpeI£Îgie  |
®YÔ  Ó ©
Û²ÜGÝ?Þpßà )á iâ g  r Ó h^Ih^  |£wysi|[i^Iel  si|ysi|GlprfsJ@£)\#g)j¥Ê\  |$°g  rp|^zefeI£)rfsJhklf^Irã¦lp^]r{e]£w\h§l  ¥Er{g)lp^
ef^Iepe  sJ|[e]£rp^IefvsJ|[e  ¬J^]|^zefeI£kWgiJe
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  dã|  ru^IeD\_dIy]gi|  e\_^Ie_uk^6ysJ|Glfri­^uk^²ysJ|i^zeol  sJ|Íuk^	sJhkl#^]|³sJhkl#vsJhr#uk^Ie
 wlpexg=¬J^Iyy]si|Glfr{g  |Glf^ze7lp^]\_vsJrf^I§­^IeI£3sJh.uk^ze [swl{e\h§l  vs  |GlpexvO^]hllfrp^_giepe^ ¹ ysJ\_v§^]jk^i©_®¡^zy 
 ^Iel$u gihklpgi|Jl$v­h[e Ë h  %°gihkl¬i^  ­­^]r6giuksJvklf^Irh[|4y]si\_vsJrlp^]\_^]|GlysJ\_v[g)l  ­^_g=¬i^IyDy^I§h  uk^Ie
 swlpeYWm®¡q%© Ï klp^]|  rY g  uk^$uk^zeYrfsJhklf^Ihrpe«ugi|[eY§^xrpdIef^IgihvsJhrv[girl{gwi^Ir¡d Ë h  l{gw­^]\_^I|JlÙggw|[uk^
vgiepefgi|Jlp^$^IeluksJ|[y$hkl  ­^i©3^IemvrpsivOsJe  l  sJ|[e^j  eol{gw|Glf^ze7hkl    e^I|Jlxuk^Iem\_dIy]gi|  e\_^IeysJ\Dv[§^]j^zemuk^
J^Iel  si|uk^7ã[§^ze¡u gwllf^I|Glf^m^]l¡\#g  |Gl  ^]||[^]|Gl¡h|2dlpgwlTv[girÎ [sil«ugi|[eÎ­^Ie¡rfsJhklf^Ihr{e]©7siheTvrpsivOsJefsi|e
 y  uk^rpdIgi  e^Iry^²v[girl{gwJ^²d Ë h  lpgw[§^epgw|[e  |Glfrpskukh  rf^u d]lpg)l	ugw|[e2§^ze#rpsihklp^]hr{egwhRy]s^]hr2uh
rpdIef^Igih3©3^zev[g Ë h[^lpeefsi|Gl7\#gwr Ë hdIeYv[rfZzeuk^$­g#efsih[rpy]^i£k^]|	lp^]|[gi|Jlmy]si\_vklp^uk^$­g_|g)lfh[rf^ukh	  ilI©
gw|e­^²ys^]h[rDukhÈrpdIef^Igwh£·§^ze_rfsJhklf^IhrpeDef^	ukdI[gwrpr{giepe^I|JlDuk^IeDv[g Ë h[^lpeD\#gwr Ë hdIe_g=¬J^Iy­^IeDv­h[e
Xgwhklp^IeD¬)gw­^]hr{eD^]| y]gie_uk^²y]si|J^Iel  si|3©!msih[e_y]si\_v[gwrpsi|e|silfrp^v[rfsilfskysJ§^J£TWÒ  £ÎW gwª«gJe^zu
 g  r Ó h^]h[^  |	sirb^zevOsi|[e  ¬i^_gw|[u4Ò7|rp^IefvOsi|[e  ¬J^  ­s)¢7eI£g=¬i^zyy]^]­h  vrpsivOsJefdDrpdIy]^]\_\_^]|Gl$v[gwr
Ôlfs  y]g^l#gwE©§£T®YÔ  Ó ÕE®¡sirp^ÔGl{g)lp^]­^Iepe  g  r Ó h^Ih^  | Ö ©"msih[esiklp^]|sJ|[eg=¬J^Iy#|[swlfrp^2givvrpsy{X[^
u^Ie#vO^]rfsirp\#gw|[y]^Ieef^]\­gi­^IeI©µWsihklp^s  eI£^]|Èlf^I|[gw|Gly]si\_vklf^.uk^Ùg|[g)lphrf^.uk^Ie_ swlpeI£|silfrp^
\_dzy]gw|  ef\_^^zeolv­h[erpsi[h[eolp^x§sJrpe Ë h^­^xlfr{g ¨ y^jlp^]rp|^x^Iel«lprfZze  rfrpd]Jh  ^]rz©
#à z Þ %$  #'& Ë h  lfdJ£ysi|Glpr(J§^mu^y]si|J^Iel  si|3£Jã[§lfrp^IeI£Gv[rfsilfskysJ§^ze]£J¶¸|Jlp^]rp|^lz£­gi^I­eI£\h§l  ukd]  l
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Ð  lfX_lprpgJu  l  si|[gik^]|[uDlps$^]|[u#y]si|J^Iel  si|_ysi|GlprfsJepy{X^I\D^ze]£GesJhr{y^Ie·gJugwvl·lfX^  rÎr{g)lp^  |#rp^IefvsJ|[ef^
lpsysJ|i^zeol  sJ|#e  i|[gi­e·rfsJ\lpX^7|^]lo¢¡sJrf¯?©me  |2Wm®¡q%£wlpX^Ief^e  i|[gi­e·si½lf^I|ysirprp^IefvsJ|[ulfsv[gJy{¯i^]l
­sJepef^Ie  |6lfX^y]si|J^Ielf^zurpsihlf^]r{eI©  g  rp|^zefe  e7gJy{X  ^I¬i^zun2lfX^y]si|J^Iel  si|²ysJ|Glfrpsi3gw­isJr  lfX[\  |
lpX^T^I|[uxXsGeol{eefsihr{y^ze?lf^I|[uxlpsme^I|[u$g)llfX^¡efgi\D^Trpgwlf^ÎO^IyIgwh[ef^·lfX[^]nh|[uk^IrfJslfX^¡efgi\D^T§sGeferpgwlf^i©
±ms)¢¡^I¬i^IrI£§^zg=¬  |	gw­lpX^_rf^zevOsi|[e      lonsi¡ysJ|i^zeol  sJ|ÌysJ|JlprfsJ3lps^I|[uXsGeol{e  exesJ\_^l  \_^Ie|swl
vOsJepe  ­^i©WYX  e  e;sir3^]jkgi\_v§^%lpX^TyIgief^sJr3\h[¦l  yIgiel; [s)¢7e]£z¢X^Irf^·rp^Iy]^  ¬i^]r{eOX^lp^]rpsiJ^]|^  lon7\#gi¯i^Ie
r{g)lp^gJugwvkl{g)l  sJ||si|¥@lpr  ¬  giÎsirDlpX^	efsih[rpy]^i©Ú²sirp^]s)¬J^]rz£X[g=¬  |.u  ´?^]rp^]|Gl#efy{X^I\_^IeDyssivO^]r{g)lp^
\#gi¯i^Ie  lY^]¬J^]|\_sJrf^ysi\_v­^j;©  g  r«[gi|[uk¢  ulfX	eX[gir  |  |lpX^rfsJhklf^Irpe¡y]gw|lfX^Irf^]sirp^mO^h[ef^h[@£
gi|[u	y]gw|	vrpswlp^Iyl¢«^]­¦¥ÊO^]X[g=¬J^Iu2 [s)¢7e¡rfsJ\  ­§¥EO^]X[g=¬J^Iusi|^ze]©
Ws6vrfs)¬  uk^°g  r$[gw|[u¢  ulpX¤gw­§sky]gwl  si|.^]lo¢¡^I^]|grp^IefvOsi|[e  ¬J^DWm®¡q  [s)¢ gw|[ugw|gwJrf^zefe  ¬i^
¥h|rp^IefvsJ|[e  ¬i^D [s)¢  |g²y]si|J^Ielf^zuÌrpsihklp^]rz£¢«^#|^]^zu.lfsu  ´O^Irf^I|Gl  g)lf^_lpX^  r­sJepexr{g)lf^ze]©Òme  |
lp^Iy{X|  Ë h^ze\#g  |Glpg  |  |² s)¢eol{g)lf^  |ÍlfX^rfsJhklf^Irpeg)llfX^6ysJrf^silfX^	|^]lo¢¡sJrf¯  |yrp^Igief^IelfX^
 \_v­^]\_^]|Glpgwl  si|ysJ\Dv[§^]j  loni©_WYX  e$ysJ\Dv[§^]j  lon  exsw½lp^]|¤gw|4si[elpgJy­^lps	lfX^  r$\#giepe  ¬J^Duk^Iv­s)nJ¥
\_^I|Jlz©%Ð.^X[g=¬i^7uk^ze  i|[^Iu_sih[r¡ysJ|i^zeol  sJ|#ysi|GlprfsJ[efy{X[^]\_^mÑÒ  lfsO^m¬J^]rpne  \_v­^gi|[uDlfsg=¬Js  u
vO^]rf¥E [s)¢ eol{g)lf^  |²lpX^DrfsJhklf^IrpeI©me|selpgwlf^  emvrf^ze^I|Gl  |²lfX^rfsJhklf^IrpeI£elpgwlf^X[giemlfsO^Dvrf^ze^I|Gl
 |.lfX^_v[gJy{¯i^l{e7lps6^]|[gi§^#u  el  |[yl$O^]X[g=¬  sir{eÕ  © ^i©D§sGefevrpsigw    lon Ö O^lo¢«^]^I|lpX^D [s)¢7e]©DWYX[g)l
elpgwlf^  eg=Ñ {£?g#|h\_^]r  y¬)gw­h^y]girfr  ^Iu  |si|^sw·lpX^v[gJy{¯i^]l eã[^I­u;©WYX^  |Glf^Irf|[gielpgwlf^si
lpX^xysi|[i^Ielf^zu#rpsihklp^]rxÕ^i© [©­£lfX[^g=¬J^]r{gwi^ Ë h^Ih^xe ­¹ ^ Ö gi|[u#lpX^lpgwGeTsi3lfX[^v[gJy{¯i^]lpe¡vrf^ze^I|Gl  |  lpe
Ë h^Ih^$gwrp^lfX^$sJ|§n2^]­^]\_^]|GlpeYhe^zun#lpX^$rpsihklp^]rYlfs_\#gw¯J^$gDurfsJv	uk^zy  e  si|©
WYX^2v[gwvO^]r  eelfrph[ylfhrp^Iu¤gJexsi­§s)¢7e!D¶¸|ef^Iyl  sJ|k£ ¢¡^2u  epyh[epe$vrp^]¬  sih[e¢¡sJrf¯rp^]Ùg)lp^Iu.lfs
elpgwlf^I§^zefeÎ°g  r Ë h^]h[^  |[©·Ô^Iyl  si|2eol{gwrflpeÎnDvrp^Ief^]|Gl  |sJhrTsJkto^Iyl  ¬i^Ie¡gw|[u#g[gie  y7s)¬i^]rp¬  ^I¢³si
ÑÒ  ©Ð4^mlpX^]|	is  |GlfshrflfX^Iruk^l{g  ­eYgw|u  \Dv[§^I\D^I|Glpg)l  sJ|  efefh^ze]©·Ô^Iyl  si|Duk^zefy]r  O^IeYesJ\_^
silpX^elfrp^]|ilfX[eYsi%ÑÒ  ©?Ô^Iyl  si|#"Dvrp^Ief^]|Glpee  \hÙg)l  si|6rp^Iefh§lpegw|u	ef^Iyl  si|²_ysJ|[y­h[uk^zeYlfX^
vgwvO^]rz©
$ *, ]x&% (('
 g  r[gw|uk¢  uklfX²gw­§skyIg)l  si|lf^zy{X|  Ë h^IeYX[g=¬J^x^I^]|²eolph[u  ^Iulfs#v[rfsilf^Iyl¢¡^I§§¥EO^]Xg=¬i^Iu [s)¢7e«rpsi\
 ­¦¥Ê^IX[g=¬i^zuÈsi|^ze]©}Òm|Jl  rp^Iy^I|Glf­ni£«lfX^ze^Ìlf^zy{X|  Ë h[^Ie2y]­gJefe  ã[^IuÈv[gJy{¯i^l{e  |Jlps¤ [s)¢7eI£hv?ug)l  |
¬)gir  gw­^IexvO^]rflpg  |  |6lps6lfX[gwl$ [s)¢$©WYX[^]nlpX^]|¤^  lpX^]r\_g  |Gl{g  |^Iug²ef^]v[girpgwlf^ Ë h^]h^_sJr^IgJy{X
 s)¢ ÕÙÁ[Â]ÃÄÆÅY¿wº*)À[Â]À[Â»+ Ö £Ysir#h[ef^Iu³si|^ Ë h^Ih^²¢  lpXÈ [s)¢,elpgwlf^6lfs¤uk^]lf^Irf\  |^6lfX^²vgiy{¯i^]lpelfs
urfsJv  |ÌyIgief^$swÎysJ|i^zeol  sJ|Õ½ÁÂ]ÃÄÆÅ¿)º,)Ãf¿{ÁiÁO»+ Ö gie  |  b &  ×­`ØÊ©-7\_si|lfX^¬=gir  gw|Gl{eYsw  g  r
Ó h[^]h^  |.× =ØY× )ØY× wØÊ£lpX[g)l°gw­  |ÌlfX^ã[r{eolxy]gwlf^]Jsirpni£Om^]ãy  lbsih|ubsi  |³× "zØÎgJy{X  ^I¬i^ze7|^zgwrp§n
vO^]rf^Iyl°g  rf|[^Iepe¡¢  lfX6  \  lf^zu²ysi\_v­^j  loni©
±ms)¢¡^I¬i^]rz£)\#g  |Glpg  |  |lfX[gwl· [s)¢Íelpg)lp^YX[gie·gxysGeolÎgi|[ur{g  ef^Ie efyIgwÙgw    lon  efefh^ze  |_X  iX_evO^]^zu
|[^lo¢«sirp¯e;lfX[gwl y]gi|to^]sJv[gwr{u ­¹ ^·lpX^T\#gJefe  ¬J^Tuk^Iv§s)n\_^]|Gl swklfX[^Ief^Îlf^zy{X|  Ë h^IeI©b^zy^I|Jlp§nJ£wÔGlfs  yIg7^l
gi@©vrpsivOsJef^Iu#.Î¿)ÃpÂ¸¥oÔGlpgwlf^I§^zefe  g  r Ó h^Ih^  |DÕE®YÔ  ÓxÖ × =ØÊ£  |sir{uk^Irlpsgivvrps=j  \#g)lp^Î°g  r Ë h[^]h^  |
¢X  ­^  \  l  | [s)¢ elpgwlf^$lps#lfX^^IukJ^sw·|^]lo¢¡sJrf¯	gw|[u6rp^]\_s)¬  |[  lrfsJ\+y]sirp^$rfsJhklf^IrpeI©®«gis^l
gi@© vrpsivOsJef^Iu#b7g  |Os)¢  g  r Ó h^]h^  |[2Õ°b  ÓxÖ ×0/IØÊ£kge  \  ­gir¡epy{X^]\_^7lpX[g)lYg=¬is  ue·°g  r«efX[gwrp^7r{g)lp^
yIgwÙyhÙg)l  sJ|  |6lfX[^ysirp^$rpsihklp^]r{egw|[ulfXg)l  e7O^llp^]rmgJugwvlf^Iulps#­g=nJ^]rp^Iu^]|[y]su  |givv  yIg)l  sJ|[e]©
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 vrp^]¬  sih[e«¬J^]r{e  si|si ÑÒ  × =Ø3¢YgieYysJ|[y^  ¬J^IusJr    |[gi§­n#gieYgw|6gw§lf^Irf|[gwl  ¬i^lfs_b^Iy]^  ¬i^Ir¥¸ukr  ¬J^]|
g=ni^Irf^zu¤Ú²h§l  y]giel6× =ØYsJrD\h§l  y]gielDy]si|J^Iel  si|Íy]si|Glfrpsi  |³X^lp^]rpsiJ^]|sJh[e^I|G¬  rfsJ|\_^]|GlpeI© me
¢  lfX²b  Ó £k­g=nJ^]rp^Iu2^]|[y]su  |#givv  yIg)l  si|ey]gw|	O^]|^]ãlrfsJ\âlfX  e7epy{X^I\D^J©
WYX^Î°g  r3[gw|uk¢  uklfXefX[gwr  |[\D^zy{X[gw|  ef\µÑÒ  v[rfsJvsGe^zuX[^]rp^Îu  ´?^]r{e?rpsi\µlfXsGe^·\_^I|Jl  sJ||^zu
gis)¬J^  |	lfX^xsJ§­s)¢  |¢Yg=n#
	 ®¡si|Glfr{gwr  §n6lps.®YÔ  Ó £;lpX^2ÑÒ  l{gwuks^Ie|swlrp^]vrp^Ief^]|GllfX^2rpgwlf^_sw«lfX^ [s)¢$©#¶Êl¯i^I^]v[e
 l{e$¬)gw­h^ukhr  |²gw­·lfX^#vgiy{¯i^]l ex  ^l  \_^J©Ð.^lfX^Irf^]sirp^_g=¬Js  uÙgwO^]Îrp^]¢r  l  |  |^IgJy{X
rfsJhklf^IrI©
	 ÑÒ  rpsihklp^]r{e·ysi|e  eol  |#gx¬i^Irfne  \Dv[§^ Ë h^Ih^  |u  efy  v[  |^i©Î®¡si|Glprpgir  §nxlps$vrp^]¬  sJh[e%¢«sirp¯O£
¢¡^uks|sil|^]^zu4lfs^zeol  \#gwlf^#°g  refX[girf^#r{g)lp^IeÕÊ®YÔ  ÓxÖ sJry]si­sirxlfX[rf^zeXsJ­u[eÕ°b  ÓxÖ © Ð.^
g=¬is  u.X[g=¬  |[2lpse^]lv[gwr{gw\_^lp^]r{elfX[gwl  \_v[gJylsi|.lfX[^#rfsJhklf^Ir exrf^zgiyl  ¬  lonÍÕ
sir
b  Ó gw|u]£3£ksir®YÔ  ÓxÖ ©
	 ÔGlpgwlf^  e  |Glprfskukh[y]^Iu  |ÈlpX^6v[giy{¯J^lpe_uk^Iv^I|[u  |¤si|³lfX[^²|[g)lphrf^6simlfX[^ s)¢,gw|u  lpe#rp^¥
evOsi|e  ¬i^I|^Iepelfs4§sGefef^IeI©³WYXh[eI£¡ÑÒ   e_^]llf^Irgiugivklf^zulps.rp^IefvOsi|[e  ¬J^2 s)¢7e  |Èhr{eolon
^]|¬  rpsi|[\D^I|GlpeI©
	 ÑÒ  vrps)¬  uk^zeYgDef\_sswlfX6u  eolpr  hkl  sJ|6swvgiy{¯i^]l§sGefef^IeI©
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Ï h[r v[r  \#gwrpn$sikto^zyl  ¬i^  e lfs$gw­­syIg)lp^«|[^lo¢«sirp¯$rf^zesJhrpy]^Ie°g  rf­ngw\_sJ|lfX^« [s)¢7eI©Ð4^X^]rp^«skyh[e
sJ|²lfX[^[gi|[uk¢  ulfX4gw­§sky]gwl  si|²siTgrpsihklp^]r  |²lpX^Dy]sirp^sw·lpX^D|^lo¢«sirp¯?© Ï hr°g  rf|^zefemsikto^zyl  ¬J^
yIgw|O^xeh\_\#gwr ­¹ ^Iu2gieTsi­§s)¢7e âºTÂÇ]ÉB_¼¾É)¼TºTÂÉC§¿ED{É)¼¸Â {É)º·» w¼½¾GFÉ)»½ÃHIB_» F»½¼Î»ÙÇ O¿)¼OÁ[¿=Ç{Ç» J§Â
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Ç]Éw¼@»ÙÇKFÉLD]¼E»°¿.¿(FxÉPM#¿)ÃpÂGD{¿Ç¼EÃfÉ)»?ÂYÅY¿wº6QÎWYX  e Ë h[gw  l{g)l  ¬J^7vrpsivO^]rfloni£Gh[e^zu#lpsuk^]ã[|^°g  rf|^zefeI£  e
yIgw­§^zu Í<; Þ +=R?>SÊ3=°? Ü I ×­`I)ØE©
^l emefhvvOsJef^$lpX[g)lm¢«^X[g=¬J^UT. s)¢7e]£VWXJYJYZYJX[V  ©3^]l]\^  O^lfX[^rpgwlf^$si  s)¢_V  h[v[eolprf^zgw\
Õ@gwrpr  ¬  |[6gwllfX[^2rpsihklp^]r Ö £%gw|[u`^  O^lfX[^rpgwlf^siYlfX^# s)¢ us)¢|[eolprf^zgw\ Õ°§^zg=¬  |6lpX^2rpsihlf^]r Ö ©
WYX[^[gi|[uk¢  ulfX4gw­§sky]gwl  si|  e°g  r  bacOX[^ edgf chTeij\^  X[^lkm onEp ©l^Ukm on  e7lpX^°g  refX[gwrp^r{g)lp^g)l
lpX^rfsJhklf^IrI©%¶Êlysirprp^IefvsJ|[ueTlfslfX^x\#g)j  \h\â[gi|[uk¢  ulfX6g$ s)¢ eX[sihÙuJ^lI©b^ km n  eYe^]l¡lpsã§
lpX^$rpsihklp^]r  eYy]giv[giy  lonqsr  l  elfX^xh|  Ë h^efsi­hkl  si|lfs#
q d_t  ^l d]t  f chTeij\^lX[^ km on p
  [s)¢_Vu  eY^  lpX^]r
vKw 1jvCx
 ÉiÄ{É=Ç]ÂÉ)»½Ã
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TUF
TUF
TUF
Source Tagger Destination
TUF
TUF
The core of the Network
TUF
  Jhrp^D` Ï hrYlpgii  |_gwr{y{X  lf^Iylfhrp^
	 ®¡si|[elfr{g  |^zu lfX[^[gw|uk¢  uklfX¤silpg  |^zu  eI£·giegi§Ty]si|[elfr{g  |^zuÌ s)¢7e]£ ^ Ë h[gi·lfs²lpX^#°g  r
eXgwrp^·rpgwlf^i£zgw|[u  e;Ùgwrpi^]r?lpX[gw|lpX[g)lsJklpg  |[^Iunmh|[y]si|[elfr{g  |^zu7 [s)¢7eI© a  X[VysJ|[elfr{g  |^Iu;£<^ ud
^ d ^lkm on
	 Ò7|[y]si|[elfr{g  |^zu ¡lfX[^[gw|uk¢  uklfXrp^ Ë h^zeolp^Iu	nlfX[^ [s)¢  em§^zefelfX[gi|6lfX^$°g  reXgwrp^$rpgwlf^i£
lfX[gwl  ly]sihÙu6i^]lI©7WYX^rfsJhklf^IrlfX^Irf^]sirp^xsirp¢«girpu[e7gw­  lpev[giy{¯J^l{e7gw|[u	lpX^­sJeper{g)lp^  e©
a  X Vysi|eolprpg  |^zu;£<^  d \^ 	 ^
 d ^Ukm n
Ü =? Ü áASÊ3=°? Ü I
Wsi^I|^]r{gw ­¹ ^YsihrÎ°g  rf|^zefe·y]r  lf^Ir  g£J¢¡^7yIgw|uk^]ã[|^rp^]Ùg)l  ¬J^vr  sir  l  ^Ie%nDgJefefsky  g)l  |x¢«^  iXGlpe
¢  lfX	 [s)¢7eI©   [s)¢ ¢  lfX²g_¢¡^  JXGlYsi d yIgw|6i^]l«lo¢  y^gJe\hy{X[gi|[uk¢  ulfXgJegD [s)¢ ¢  lfX
g¢«^  iXGlsii©DWYX^_uk^ã[|  l  sJ|4gis)¬J^uks^Ie|sily{X[gw|J^i£?^jy]^]vklxlfXg)lxlfX^Dr{g)lf^zeU^  gw|u \^  gwrp^
rp^]v[­gJy^Iu2n^    gi|[us\^    ©ÎWYXh[eI£ a c[X[^   0d f chTeij\^    X ^Ukm onZp ©
809:9  zk Ü $ Ü z_ à ? Ü ]E= à ?È à ? I à $
ef^Iy]si|[u³sikto^zyl  ¬J^  eDlfs¤g=¬is  uÍv^Ir¥E [s)¢ elpgwlf^  |ÍlpX^6X  JXk¥¸evO^]^zuÍ[gJy{¯sJ|^rpsihlf^]r{e_gw|[uÍlfs
\#g  |Glpg  |³sihr#gi§Jsir  lpX\#eDepy]gi­gi­^gw|uÍ^zgie  ­n  \_v­^]\_^I|Jl{gw­^i© ,lpgii  |4^]|Gl  loni£«y]gi§­^IuÍlfX^
olpgiiJ^]r {£  e2rp^IefvsJ|[e  ­^sJr2vÙgiy  |[³g¤l{gw  | ^zgiy{X v[gJy{¯i^]lI© WYX[^Ìl{gwiJ^]r  elfX^.si|­n ^]|Gl  lon
\#g  |Glpg  |  |2 [s)¢}elpg)lp^i£?|^zy^Iepepgwrpn2sJrml{gwi  |[[©WYX  e  e¢Xn	lfX[^l{gwiJ^]reXsJhÙu²^D¯i^Ivkl$y­sJef^
lps#lfX[^Defsihr{y^J©7Wgii  |  euksi|^^  lfX^Irn6g#rfsJhklf^IrgwlmlfX[^^Iui^si·lfX^|^lo¢«sirp¯?£[sir  u^Igw­­nn
lpX^efsihr{y^  l{e^I¦o©   ihrp^_`xvrf^ze^I|GlpeYsih[ri­si[gi?girpy{X  lp^Iylphrp^i©
mswlXg=¬  |# s)¢ elpgwlf^  |²lpX^rpsihlf^]r{elpX[g)lxgwrp^  |²lfX^DysJrf^si·lfX^|^lo¢«sirp¯	X[gie7lo¢¡s2y]si|[ef^¥
Ë h^I|[y^ze 
1(132465879;:
   [¼¸¿)»OÂ .§ÂÃ JÂ]¼DÉ¦» DÉ  {¿)ÀÇ
Filter
T UF
Threshold
Tag
value
Packets from 4 flows Already filtered
  ihrp^   ÑÒ  rpsihklp^]rz£\Dskuk^I§^zu6gieg_e  \_v­^xã[¦lp^]r
	 Wgii  |¤efXsih[­u³|swl2u^]vO^]|[u sJ|³lpX^elpg)lp^²swlfX^Ì|^lo¢«sirp¯?©ÈÐ4^Ìuks|sil2¢Ygw|GlevO^Iy  ãy
^]^zuk[giy{¯rfsJ\âlfX^$rpsihlf^]r{e  |2lpX^$|^lo¢«sirp¯ÕsJrYlfX^u^Iel  |[g)l  sJ|[e Ö ©
	 mrpsiv[v  |[2uk^Iy  e  si|[e  |6lpX^y]sirp^$rfsJhklf^Irpe7girf^|swlmgief^Iu6si|²vO^]rf¥E [s)¢  |ksJrf\#g)l  sJ|3£[[hklsJ|
lfX^xl{gwGeYswlpX^$v[gJy{¯i^l{eYvrp^Ief^]|Gl  |lfX^ Ë h^Ih^i©
$&%  u46.
	<4 2.

WYX  exef^Iyl  sJ|.v[rf^ze^I|Jl{eÑÒ  £;sJhr$Wgiw¥Ê[gief^Iu  g  r Ó h^]h[^  |	epy{X^I\D^J©WYX^#Ñ  eg|h\_^]r  y
¬)gi§h^Yy]girfr  ^Iu  |Dgmã[^I­u;£  |lfX^Yv[gJy{¯i^]lX^zgiuk^IrI©¶Êl  e h[ef^IuGnxlpX^YrfsJhklf^Irpelfsxuk^zy  uk^  lfX^IneXsJhÙu
^I| Ë h^]h[^sJr7ukrpsiv6g_v[giy{¯J^lI©%Ð4^y{XsJef^lfs_  ¬i^xX  iX6¬)gw­h^ze«lfs_lfX[^xlpgwGeYswlfX^$v[gJy{¯i^]lpe«lfXg)l7¢  §
O^\_sirp^6^]    [§^6sJr2u  efyIgwr{u;£gw|[uÈ­s)¢,¬)gw­h^ze_lfslpX^²lpgiJe_sixvgiy{¯i^]lpeDlpX[g)lgirf^6­^Iepe#^]    §^
sJrDu  epy]girpu;©¤WYX^lpgiÌlpX^]rp^sJrf^rf^Ivrp^Ief^]|Glpeg á à  Ü  Ü á Ü ? ÜO© ,ÑÒ  rpsihklp^]rsirp¢«girpu[e
lpX^vgiy{¯i^]lpem¢  lpXÌ­s)¢ ¬=gi§h[^Iemgi|[uu  epy]gwr{ue7lfXsGe^¢  lpXÌX  iX¬)gi§h^ze  |ÌyIgief^swTy]si|J^Iel  si|3©Ð.^
e  \Dv[§n\_skuk^I·sihr$rpsihklp^]r{exgiehk´?^]rp§^zefeã¦lp^]r{elfX[gwlx­^l$lpXrpsihJXlfX[^#v[giy{¯J^lpe¢  lfX.lpgiJex­s)¢¡^Ir
lpX[gw|lfX[rf^zeXsJ­u  gieYefXs)¢|	si|ã[ihrp^k©
e$lfX[^§sGgiu4swYlpX^rpsihklp^]r  |[yrp^IgJe^ze]£\_sirp^#v[giy{¯J^lpex|[^]^Iu4lpsO^2ukrpsivvO^Iu;£%gw|u4lfX^rpsihlf^]r
rp^Iuh[y^ze  lpe¡l{gwlfXrp^IefXsiÙuÍ© Ï |lfX[^xy]si|Glfr{gwrpni£G¢X^I|2lpX^­sJgJu2uk^zyrp^IgJe^ze]£JlfX^xrpsihklp^]r  |[yrp^IgJe^ze
 lpe$lpgw6lpXrp^IefXsiÙu;£\#g  |Glpg  |  |g	h[§¡hkl   ­¹ gwl  si|sw  lpeyIgwv[gJy  loni©2WYX[^_lfXrp^IefXsiÙu4rf^zgiy{X^zelfX^
\#gwj  \h[\ ¬)gw­h^  m ¢X^]|#lpX^7rpsihklp^]r·sJrf¢Ygwr{ue·gi§[lfX^v[giy{¯J^lpeI©¶¸|e^zyl  si|#[© © £i¢«^7¢  ­ef^]^
lpX[g)l¡¢¡^myIgw|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efsih[rpy]^mlpX[g)l7ef^]|[ueYvgiy{¯i^]lpeTlfXrpsih[iX	rfsJhklf^Ir ©WYX^lpgilpXrp^IefXsiÙu
sJrmrpsihklp^]r
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The TUF router Queue
 ih[rf^$ ·WYX^ Ë h^Ih^  |#u  efy  v[  |^  |	g#ÑÒ  rpsihklp^]r
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WYX[^ukrfsJv.\_^zy{X[gw|  ef\  |sJhrÑÒ  rpsihklp^]r{exX[giexO^]^I|u^Ie  J|^IuÌlfs²O^#¬i^IrfnÌe  \Dv[§^gi|[u4^Igie  §n
 \_v­^]\_^]|Glpgi­^i©2WYX^ Ë h^Ih  |u  efy  v  |^giuksJvklf^zu  eefXs)¢|4si|4ã[Jhrf^#[©Ð X^]|lpX^ Ë h^]h[^  e
|[swlYh­@£sihrYrpsihklp^]rYsirp¢Ygwr{ueÎlpX^$v[gJy{¯i^l  ¯J^$gDelpgi|[ugirpu  ¶ %Ï rpsihlf^]rz© ¶¸|6yIgief^xsw y]si|J^Iel  si|3£
¢X[^]|lfX^ Ë h^Ih^  e«h[§E£lpX^$v[giy{¯J^lY¢  lpX	lfX^$X  iX[^Iellpgw  e7ukrpsivvO^Iu;©
Ð4^e  \h[­gwlf^IulfX  e Ë h^Ih^  |6u  epy  v  |[^_gi|[u4ysi\_v[girf^zu  l$¢  lpX.lpX^_hk´?^]rp§^zefeã¦lp^]r$\_skuk^]
v[rf^ze^I|Jlp^Iu  |µef^Iyl  si| [© © WYX^.rf^zeh§lpe	efXs)¢| si| ãihrp^ÌÈeXs)¢+lpX[g)llfX^In X[g=¬i^Ìg³e  \  Ùgwr
O^]Xg=¬  sirz©  sir¡lfX[^e  \hÙg)l  si|£JsJhrTl{gwGeT¢«^]rp^mh|  sJrf\_­n_u  elfr  [hklf^zuO^lo¢«^]^]|	gi|[u2wi+/k© Ï hr
Ë h^Ih^  |¤u  efy  v[  |^²¢Ygie#e  \h­gwlf^zusJr_lfX^Ú w k` ww Ë h[^]h^¤Õq%s  epesJ|Ègirfr  ¬=giYrpgwlf^  ewiJ
vgiy{¯i^]lpe )eI£Ge  \hÙg)l  sJ|2l  \_^  e$`IJiieI£e^Irf¬  y^l  \_^  ex`I\_e Ö ©
WYX^_ÑÒ  rfsJhklf^Irgiylfh[gi§­n6uks^Ie|swl$giylfh[gi§­n!fef^l  sJr fgiugivkl   lpelfX[rf^zeXsJ­u  lfs  l{ey]si|k¥
J^Iel  si|_eol{g)lp^i©·WYX^ ^ Ë h  ¬=gi§^I|Gl)lpXrf^zeX[siÙu  |_lfX[^hk´?^]rp§^zefe%ã¦lp^]rÎ\_skuk^]Ouk^]vO^]|ueÎsJ|lpX^l{gwJe%si
lpX^$v[gJy{¯i^l{e  |  lpe Ë h^Ih^i©%Ð X^I|lpX^$rpsihklp^]rO^IysJ\_^IeY\_sirp^$ysi|[i^Ielf^zu;£GlfX^ Ë h^Ih^xã[­­e7hv¢  lfX
­s)¢Rl{gwJi^Iu2v[giy{¯J^l{e]£kgw|u2lpX^$^ Ë h  ¬)gw­^]|GlYlfXrp^IefXsJ­u  |	lpX^$hk´?^]rp§^zefe«ã¦lp^]r\_skuk^]u^Iyrp^IgJe^ze]©
Ð4^¢  ­klprfn$lpsx^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3^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hkl   §¹ g)l  sJ|°giylfsJr	D©
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 J£iv[gJy{¯i^l·­sJepe^ze syIy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TUF filter model
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